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Short report

Experimental aluminium encephalopathy:
quantitative EEG analysis of aluminium
bioavailability
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SUMMARY Single oral doses of aluminium hydroxide (50 to 200 mg/kg) were found to induce in
mice a dose-dependent diminution of the power of the 7 5 to 12 Hz frequency band, with a
parallel dose-dependent increase of aluminium content in the brain, as early as 45 min after
administration, and indicated that aluminium hydroxide is readily absorbed through an empty
stomach or duodenum and is able to induce alterations of background EEG rhythms at doses
equivalent to the ones used in human therapy. These data suggest that the EEG disturbances of
the background type, (which are observed during the early stage of dialysis encephalopathy in
man), may be partly due to a pharmacological and therefore reversible effect induced by an
increase in aluminium level in the brain.

Electroencephalographic (EEG) findings in dialysis
encephalopathy have been extensively described,' -

as well as EEG with behaviour patterns induced by
aluminium intoxication, which in part have been
reproduced in animal subjects.6-'0 Both human elec-
trophysiological studies and experiments on animals
point to the existence of two main alterations: in
early stages slowing and disturbances of background
rhythms (in human studies) or disturbances of
neuron discharges or of evoked responses (in animal
studies) ensue. Following advanced intoxication,
epileptiform abnormalities also appear, both in man
and animals. The aim of this study was to verify: (1)
whether EEG alterations could be detected in ani-
mals at a very early stage of aluminium intoxication,
with the aid of computerized techniques, and, if so,
(2) whether the two EEG alterations, of the back-
ground and of the epileptiform type, could be
related to patho-physiological models different to
morphological neuron alterations models.
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Methods

Sixteen DBA/2 male mice weighing 24-28 g were chroni-
cally implanted with four epidural monopolar electrodes
positioned on the sensorimotor cortex." One week after
surgery the EEG of the subjects which had fasted for 24
hours was recorded on paper and on magnetic tape accord-
ing to the following experimental schedule: 60 min before
treatment, the EEG was recorded at intervals of 15 min for
2-3 min, while acoustic stimulation of 90+2 dB was given.
After this period drug or saline were given by mouth, four
animals for each dose, then EEG was recorded for 90 more
min, using the same procedure. Administered doses in this
study were 50, 100 and 200 mg/kg of a commercially avail-
able aluminium hydroxide powder in 0-2 ml saline.
Artifact-free EEG samples were fed to a minicomputer
off-line and band-pass filtered between 0 5 and 45 Hz.
Power spectra were built up from 0 to 64 Hz, with steps of
0 5 Hz (lines) using standard FFT algorhythm, and stored
on digital tapes. Frequency bands were built by cumulating
power values of adjacent lines showing high intercorrela-
tion, according to previously described techniques;'2 mean
spectra were then computed over six frequency bands (0-5
to 3-5; 4 to 7; 7-5 to 12; 12-5 to 16; 16-5 to 20 and 20-5 to
40 Hz), for each period of 2-3 min duration, for the
anterior-posterior left sensorimotor cortex. EEG data,
expressed as per cent of pre-drug in each animal, were
analysed statistically using parametric procedures: two-
ways analysis of variance, with the test for linearity of
regression of the means.'3
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Analytical procedure. Twenty mice were divided into four
groups at random. After 24 hours fasting, animals were
given saline or aluminium hydroxide by intragastric tube,
in doses and conditions similar to those used for the EEG
experiments. Animals were sacrificed 45 min after drug
administration, the brains were removed and kept frozen
until analysis began.
Chemical analysis was performed according to previ-

ously described procedures.'4 15 Organs were wet-ashed in
concentrated nitric acid, and evaporation was stopped
when the final volume of solution was about 2 ml. The
solution was subsequently diluted to a volume of 10 ml
with doubly-distilled water, and three identical aliquots of
each were sampled in order to analyse their aluminium
content using atomic absorption spectrometry (AAS).
Contamination of the samples was minimised by adopting
strict procedure controls. For each series of measurements
however, blank determinations were also made and taken
into account in the final calculations whenever necessary.
Data obtained from chemical procedures were evaluated
using one-way analysis of variance and regression
analysis.'6

Results

EEG and necropsy data. Following saline or low
doses of the drug no modification in frequency and
voltage of EEG waves was noted in mice. About 20
to 30 min after 200 mg/kg a slight diminution of
voltage lasting up to 30 min was visible while wave
morphology remained unchanged. No gross altera-
tion of spontaneous motor activity was noticed at all,
and no EEG epileptiform alterations were ever
shown. On dissection, complete or almost complete
emptiness of the stomach and duodenum was
checked.

Computer EEG data. Fifteen to 20 min after the
lowest dose of aluminium hydroxide a transitory but
not consistent depression of EEG in the 7*5 to
12 Hz frequency band occurred in mice. After 100
and 200 mg/kg a relevant drop in power of the same
frequency band was noted lasting up to 20-40 min.
This diminution, computed as a mean of the four
animals per dose in the five EEG recording periods
of 2 min duration (15, 30, 45, 60 and 75 min after
drug) was significantly dose related (F = 49*86;
p<0.001) (table). No consistent effects were seen in
the other band power values.

Chemical analysis data. Forty five min after dosing.
brain aluminium content in treated mice was higher
than in controls, in a relevant dose-related manner.
(y = 95-1 + 0*96x; r = 0-85; p<0-001)

Discussion

Brain aluminium content rose remarkably in a
dose-dependent manner in mice after aluminium

Table Two-way analysis of variance and regression
analysis of effects induced by aluminium hydroxide on the
EEG of mice

Variation source Sun ofsquares dF Mean squares F

Treatment 2054-51 3 648-8 18-2*
(Lr regrion) (1875-84) (1) (1875-84) (49-86)*
(Deviations from

regression) (178-66)
Error 601-88
Total 2656 39

(2)
16
19

(89-33)
37-62

(2-37)(ns)

Regression curve: y 100-1-- 13 x
*p < 0-001
ns not significant

The three doses ofaluminium hydroxide induced a dose-dependent
depression on the power of 7-5 to 12 cls frequency band of sen-
sorimotor cortex in mice. Regression analysis of effects has been
computed on the values of relative power (per cent of total power in
pre-drug EEG, as a mean of 4 animals per dose) in the five EEG
recording penods of 2 min duration, on the basis of two-ways
analysis of variance. Note that F values for treatment and for linear
regression are highly significant, while no consistent deviaiion from
linear regression is evident.

hydroxide administration, and the increase was
related to the EEG effect. Previous data from Ber-
lyne et al,8 suggested that chronically administered
aluminium hydroxide in rats resulted in an enhanced
aluminium content in various tissues, including
brain. Bowdler et al,6 found significant correlations
between serum or brain aluminium levels and
administered dose, between serum and brain
aluminium levels, between brain levels and adminis-
tered dose in rats chronically treated with various
aluminium salts per os, in doses varying between 17
and 180 mg/kg as elemental aluminium. Moreover
Kaehny et al"7 found an increase of 2-3 times of
plasma aluminium level after dosing human volun-
teers with 2-2 g aluminium hydroxide/day per os,
that is about 50 mg/kg per day, given in divided
doses between meals. This dose as drug weight per
kg body weight, corresponds approximately to the
dose administered in our experiments. Therefore
our findings indicate that aluminium, even with a
therapeutic dosage, brings about a measurable effect
on brain electrogenesis. This datum must be viewed
with caution, since it would imply that there is mas-
sive absorption in the acid milieu of the stomach or
in the proximal tract of the small intestine within
30-60 min after gavage and that aluminium ions
may cross the blood-brain barrier. Nevertheless, in
our experimental conditions brain aluminium con-
tent was consistently higher in treated mice 45 min
after dosing. Therefore chemical data suggest that
EEG alterations are induced at least in part by
aluminium absorption and not merely by some
neurohumoral reflex mechanisms triggered through
the chemo-physical properties of aluminium hydrox-
ide in the stomach or duodenum of experimental
animals.
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Quantitative EEG analysis also suggests that in
animals electrophysiological changes become evi-
dent when aluminium brain content is raised by 2 to
3 times the normal values, 30 to 60 min after a single
administration, that is when morphological neuron
changes have not occurred. Our data therefore
strongly support, with EEG and chemical evidence,
the possibility that a metabolic effect of minute
doses of aluminium is exerted upon neurons which
do not develop neurofibrillary degeneration in ani-
mal models, as was suggested by Crapper and
Tomko.'8

Sanderson et all9 moreover, showed that the mean
binding of corticosterone decreased by 25% in hip-
pocampal cell nuclei from aluminium treated rab-
bits, suggesting thus a possible functional consequ-
ence of the presence of aluminium in the limbic sys-
tem, in the absence of morphologic changes; and it is
well known that there exists a strict correlation bet-
ween high voltage slow hippocampal EEG rhythm,
and the 6 to 12 Hz rhythm which is recorded in the
sensorimotor cortex of small mammals.2022
Therefore EEG data obtained in our laboratory

support the hypothesis that the limbic system is
implied in the physio-pharmacologic mechanisms
underlying the action of aluminium on brain electri-
cal activity in animals.23 Although extrapolation of
animal data to humans is often questionable, it is
reasonable to think that the slowing of background
EEG activity observed in dialysis encephalopathy
patients may be due in part to a pharmacological
effect exerted by aluminium ions, while EEG altera-
tions of the epileptiform type3 seem to occur when
also massive neuron damage can be seen, that is,
during an advanced stage of intoxication.

The authors thank the Servizio di Documentazione
Bibliografica of ISS and Mrs G Tognoli for help in
bibliographic research.
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